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Symposium Title: On-demand learning-embedded benchmark assessnusirtig
classroom-accessible technology



The movement towards high stakes testing promises to encouigge and
accountability in middle school mathematics, but there is aetathgt a too-narrow
focus on testing will take time and attention away from instracgog., Olson, 2005). In
trying to use assessment to guide instruction, how can teachexsrdo¢hat ongoing
assessment will improve instruction enough to justify the costsbinstructional time?

Two related, technology-aided developments may help resolve ftleisinda: First,
adaptive testing based on careful mapping of a domain, such hth agade
mathematics, promises more efficient, detailed assessmenbndse@mbedding
assessment into learning experiences reduces the cost dfidtwattional time while
providing worthwhile benchmarks of student progress. Since ttmadopments require
only modest computer and internet resources, they are widedgsible in classrooms
students’ homes, and elsewhere. In this symposium we will expled compare three
approaches combining these developments.

ALEKS (Assessment and LEarning in Knowledge Spaces) is based on thg tie
Knowledge Spaces and their specialization, Learning Spacagn@ & Falmagne,
1999; Cosyn & Uzun, 2005). The key idea is to partition a set dftigneor problem
types into subsets callddhowledge states; a student is characterized by a knowledge
state if he/she can succeed at all the question types istéib@t and none of the question
types in its complement. Learning spaces add partial orderidgcampleteness
conditions that facilitate determining a student’'s knowledgge, identifying problem
types that the student is ready to learn next, etc.

The Adaptive Content for Evidence-based Diagnosis (ACED; Shute, Graf & Hansen,
2006) system adapts Evidence-Centered Design (ECD; Mislevipb&tg & Almond,
1999) to an interactive online assessment and learning sysE®D focuses on the
rigorous, interlocking development of student, evidence and rasdels underlying
assessment. In contrast to Knowledge Space theory, thest@ént model is conceived
of in terms of skills or other latent variables charazteg student proficiency. The
latent attributes in the student model are linked to task mpeafice evidence, often
through statistical models such as a Bayes Nets, IterpoRes Theory models, etc.
ACED also provides a testbed for exploring alternative moéieglivery of eight-grade
mathematics content to both sighted and visually-impaired students.

A hybrid approach is instantiated in tAasistments system (e.g., Feng, Heffernan &
Koedinger, in press), whidhssists student learning whilassessing progress toward end-
of-year exams in eighth-grade mathematics. Like KnowleBlpace assessment, the
Assistments approach is task-centric (development of maéstions and scaffolding
materials starts from released state exam items); ket EICD, Assistments directly
attribute individual differences to unobservable skills or othtant variables. Unlike
ECD’s single-student-model approach, multiple student modelseavisioned for
Assistments: one student model may be appropriate for predpmifigrmance on end-
of-year accountability exams, another for providing feedba¢&achers on what to teach
next, etc.

We will not recommend a single best system for onlinesotesn-accessible learning-
embedded benchmark assessment, but rather contrast tools fafféehentd goals of
assessing knowledge, evaluating cognitive skills, and measuntitgdes.
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Title: Assessing Mathematical Knowledge in a Learning Space: Vaidind Reliability
Author: Jean-Claude Falmagne, Cognitive Sciences, UC — Irvine

By design, the assessment of knowledge in a learning spaaesébolarly topic, such as
beginning algebra, is comprehensive in that the types of prelileahcan be asked come
from a collection encompassing the full curriculum for thpido The product of an
assessment is a knowledge state gathering all the typeeldems that the student is
capable of solving. Typically, the number of feasible knowdedtates is large, on the
order of 16. The duration of an assessment is nevertheless tolerableygamgund 25-
35 problems. We report the results of a large scale st@d§,502 assessments)
investigating whether such an assessment is predictive ofubject's responses to
problems that are not part of the assessment. In each assgesamextra question was
asked, the response to which is predictable from the assetded Bhe median
correlation between predicted and observed correct responses was.@8und

Title: ACED Evaluation

Authors: Valerie Shute (Research Applications & DevelopmieBTS), Eric Hansen
(Research Applications & Development, ETS) & Russell AlmdotiPsychometric
Development & Resources, ETS)

This paper will describe the results of an experimental evatuaf ACED: Adaptive
Content with Evidence-based Diagnosis. ACED is a computevedetl, diagnostic
assessment system for algebra | content. One goal of the researthexamine specific



contributions to learning of various design elements (i.e., aitgpaand diagnostic

feedback). Another goal was to test the effectiveness ofsysem for sighted and
visually-disabled students (i.e., blind and low vision). We thusddktedegree to which
ACED works-both in terms of being a valid assessment @odl an effective way to
support learning with about 300 sighted students. We also téstexystem's ability to
communicate algebraic content to students with visual disaeblilititegrating a talking
tactile tablet (from Touch Graphics, Inc.) into the ACED deskigesults show that the
system works well (a) as a valid assessment tool, and (byigport of learning for

students with various abilities.

Title: Relieving Accountability Pressures on Teacherstlwian Online System that
Teaches as it Assesses

Authors: Neil Heffernan (CS, WPI) & Ken Koedinger (HCII, Carnegie &lon)

NCLB puts teachers in the dilemma of wanting to use fomaassessments to be data-
driven, but these assessments take away valuable instrudtroral We report on our
assessment intervention, called ASSISTments, which tutors stufiend NCLB test
while it assesses. The ASSISTment system is an effproiede assessment of students’
8th grade math knowledge, while at the same time fine-graimgorting to teachers
including NCLB predictions. 18 teachers used the system afp#reir normal math
classes in 2005-06. Does providing assistance hurt the accurabg @ssessment?
Surprisingly, we report, the tutoring actually improves theessment by tracking how
much assistance they need. Furthermore, our fine-grained cognitivesrtttatahap each
question to a few knowledge components allow us to more aetyrpredict these
scores. We also report on the evidence that students are learning loleitiests.

Title: Uncertainty, Prediction and Teacher Feedback using an llde System that
Teaches as it Assesses

Author: Brian Junker (Statistics, Carnegie Mellon)

Heffernan & Koedinger's Assistments system has two sassent goals: predicting

student performance on end-of-year accountability exams; and dhégachers target

next instructional steps. These goals are complicated byfdatores of the system:

assessment is ongoing throughout the school year as studéoiepcy develops; and

the Assistments system itself changes student proficieneyerbheless, prediction using
simple student models and a number of “assistance metricsim@ues of hint-seeking

behavior, time spent on questions correctly vs. incorrecdyared, etc.) can be almost
optimally effective at predicting end-of-year exam sspraore complex student models
provide marginal improvement. Statistical uncertainty inheadéeedback reports based
on more-detailed student models is sometimes surprisinglydotweven in cases where
the per-student uncertainty is high, reports aggregated over gobwgtsdents can be

quite reliable. These ideas will be considered both for the thesns system and in the
broader context of online assessment and learning systems.



